total testosterone levels were slightly higher, but still in the lower range (16.9 ± 4.7 nmol/l), while healthy men aged 40 -49 had their mean total testosterone levels reduced to 11.4 ± 5.1 nmol/l. 4 These data suggest that healthy men in South Africa have lower total testosterone values than that of men in international studies, especially in Western countries 4 . Another study in South Africa examined variation in testosterone levels in men aged between 20 and 82 years across subgroups of an urbanization gradient that represented differences in both geography and socioeconomic status. 5 This South African study, called the Transition and Health During Urbanization of South Africans (THUSA) study, found that male testosterone levels differed significantly among the urban and the rural groups. Men in the most urban group had higher testosterone levels than among groups of farmers and men in informal housing rural areas. 5 Further, this study showed an age-related decline in testosterone levels.
5
The age-related decline of testosterone is highly variable and depends on many factors. 6 This age-related decline has been reported in Western populations, 7, 8, 9 and has also been reported in other populations in resource-limited settings including Pakistan, Kenya, Zimbabwe, Democratic Republic of Congo, and, Nepal. Gray and colleagues reported a downward trend, although not prominent, in salivary testosterone levels with age for Kenyan Ariaal men who have a subsistence livelihood. 10 Similar findings have also been reported in Zimbabwean men 11 , American men, 7, 8, 12 and Japanese men. 13 Testosterone levels can differ among different ethnic groups; Pakistani men have lower testosterone levels than men from Europe, Africa, and the Caribbean.
14, 15 Ross reported that there was a statistically significant (21%) difference in the free testosterone among black college students compared to their white counterparts. 16 Uganda's population comprises diverse ethnic groups with varying customs and norms. The 2002 census classified Ugandans into the 56 legally recognized ethnic groups at the time. 17 There could be previously unrecognized tribe-to-tribe variability in testosterone levels. Low testosterone levels have been associated with, stress, injury, chronic diseases like diabetes, hypertension and cancer. 6, 18 Symptoms associated with low testosterone levels include depression, fatigue, irritability, reduced libido, body pains, and decreased sexual performance.
19
Animal studies have shown a strong link between high levels of testosterone and aggressive behavior; 20 intramuscular injection of testosterone propionate in cynomolgus monkeys increased the frequency of aggressive behaviour in these monkeys. However, aggressive behaviour was mediated by social status i.e. incidence of both contact and non-contact aggression in dominant monkeys was far greater than frequency of these behaviour in subordinate monkeys. 20 In general, studies suggest that androgens modulate neural pathways of social behavior such as the expression of aggressive and sexual behavior in male vertebrates, but this expression is dependent on the social context. 21 High testosterone levels are also associated with prostate cancer. African-Americans in the United States have the highest rate of prostate cancer in the world, 12, 22 a finding that may be linked to the high free testosterone levels in these men. The main objective of our study therefore, was to describe the relationship between testosterone levels found in a sample of Ugandan men and their socio-demographic characteristics, and to compare the testosterone levels of Ugandan men with levels in men of similar ages in studies reported from other countries.
Methods

Study Population
Study participants were healthy Ugandan men on the Makerere University Medical campus. Students and both academic and non-academic staff were enrolled in the study. Representative participants from the major regions of the country were recruited to cater for the diverse ethnic groups. The participant's ages were between 18 and 60 years.
Sampling Procedure
Written and oral advertisements were made, requesting for volunteers. Participants reported to the department of Physiology between 7.00 and 8.00 a.m. daily, and provided written informed consent. Sampling was consecutive provided the volunteer was within the target population.
Data collection
Qualified technicians and trained research assistants collected the data. The height, weight and waist circumference of participants were measured and body mass index (BMI) was calculated in Kg/m 2 . Only participants with BMI less than 30 kg/m 2 were included in the study. The participants then filled a self-administered questionnaire. Trained laboratory technicians drew the blood from the antecubital veins of participants. The blood was placed in separate vacutainers and allowed to stand for five hours, after which the serum was harvested and stored at -20 0 C.
Laboratory procedure
Testosterone radioimmunoassay (RIA ) kit (Institute of Isotopes Co. Ltd. Budapest, Hungary) was used to measure total testosterone levels. Albumin and sex hormone binding globulins (SHBG) were also measured and free testosterone was calculated according to previously published methods. 5 These tests were carried out at the Nuclear Medicine Laboratory at Makerere University whose RIA lab is housed in the Physiology Laboratory. The RIA Laboratory has been upgraded and accredited by the International Atomic Energy Agency (IAEA), and undergoes annual license renewals and regular inspections.
Data management and analysis
Data was entered into a computer using EpiInfo ® and exported to SPSS ® Version 11 for analysis. Data was double-entered and verified for accuracy. Descriptive numerical summaries of the continuous variables were obtained then statistical analyses done using multiple regression analysis. The dependent variables were serum total testosterone, free testosterone, and bioavailable testosterone. Tests of significance were done using the F-test and significant association of testosterone (total, free, or bioavailable) with the demographic characteristics shown for p < 0.05.
Ethical considerations
Participants gave written informed consent before they were enrolled in the study. The study was reviewed and approved by the Institutional Review Board of Makerere University Medical School. Trained laboratory technologists took the samples.
Results
Eighty men provided informed consent and had their biometric factors and plasma testosterone levels measured. Fifty-two of the respondents were married (65%) while sixty-one (76%) had dependents. Marital status was defined as a respondent who was customarily married, religiously wedded, or married by civil union, or was cohabiting with their spouse(s). We did not differentiate between monogamous and polygamous marriages, since the sample size was small. For the unmarried men we assumed that those who did not have sexual partners were those who reported not being sexually active for our question of coital frequency in a week. Many of the unmarried men reported being sexually active. Dependents were considered in the questionnaire as all children aged 8 years and below, both biological and non-biological, who were cared for, or provided for, and lived with the respondent. Table 1 summarizes the results for biometric measurements including body weight, height, body mass index (BMI), and waist circumference; testosterone (total, bioavailable and free), and testosterone binding proteins (albumin and sex hormone binding globulin, SHBG). All the biometric measurements were within the normal physiological ranges. The testosterone levels and testosterone binding proteins for the respondents also were within the normal physiological ranges for each variable studied. There was no statistically significant difference between total serum testosterone, bioavailable testosterone, or free testosterone levels across age strata ( Table 2 ). The majority of the respondents (30%) reported having sex once a week; 24% reported having sex daily and 12% reported not being sexually active. Participants who reported having sex daily had the lowest bioavailable testosterone (BT) value of 8.4±4.4 nmol/l; p=0.018 compared to those who reported not being sexually active with the highest BT value of 15.5±5.5 (Table 3 ). In this model, as depicted in Table 2 , the majority of men in the youngest group studied (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) were single compared to the rest of the older groups. Contrariwise, the majority of men in the oldest group (48+) were married, compared to the youngest group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Furthermore, while the youngest group had similar numbers of men with and without dependents, the majority of men in the older groups had dependents. The majority of men in the youngest group studied (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) were single compared to the rest of the older groups. Contrariwise, the majority of men in the oldest group (48+) were married, compared to the youngest group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Furthermore, while the youngest group had similar numbers of men with and without dependents, the majority of men in the older groups had dependents; further statistical testing was limited because of the sample sizes. There were no statistically significant differences in the mean total testosterone levels, mean bioavailable testosterone, and mean free testosterone levels for the different age strata.
The mean BT for married participants was much lower p= 0.027, than those who were single (Table 3) ; similarly, participants who reported having dependents had much lower BT (p=0.005) compared to those who did not have dependents (Table 3) .
Men who reported daily coitus had the lowest bioavailable testosterone compared to those who reported no sexual activity ( a p=0.018). There was a statistically significant reduction in bioavailable testosterone in married men compared to single men (*p=0.024). Seven of 22 men in the 18-27 age group reported not being sexually active (the highest number of respondents) with five single men in this age group; two of 21 men in the 28-37 age group reported not being sexually active, with four men in this age group being single. There was also a statistically significant reduction in bioavailable testosterone in men with dependents compared to men without dependents (**p=0.005). Once a week 12.4 ± 8.5
Not sexually active 15.1 ± 5.5
Marital status
Married *9.8 ± 7.4 Single 13.5 ± 4.5
Dependents
Have dependents **9.8 ± 3.1
No dependents 14.7 ± 7.9
Discussion
The serum testosterone levels of Ugandan men fall within the normal physiological ranges, which are quite wide. However, the Ugandan levels are higher for all age groups compared to the normal levels described in other sub-Saharan and other Western studies, [2] [3] [4] [5] 8, 9 with the biggest difference being observed in the oldest age group. The findings of our study are consistent with those obtained in previous studies done in the Western world [7] [8] [9] 12, 15 probably because the participants had normal BMI and waist circumference and were healthy. It could also be that the Ugandan men naturally have relatively higher levels.
The findings in this study are consistent with earlier studies that reported that all forms of testosterone tend to decrease with age [7] [8] [9] 15 . The downward trend of testosterone is mainly due to the physiological changes in the hypothalamus-pituitary-testis axis (HPT) with age. Aging is associated with changes both within the testes and at the level of the pituitary and hypothalamus. Leydig cell number decreases while serum LH levels rise. Several changes in the neuroendocrine pathway controlling testosterone production in healthy older men are consistent with the degree of secondary testicular failure including amplitude to endogenous LH pulse 23 . There may also be altered feedback control of individual and coupled GnRH-LH secretory activity gonadal signal 15 . Furthermore, there may be disruption of effective (LH-T) stimulus-secretion coupling at the level of Leydig cells in the testis.
Some earlier studies have reported older men having relatively high salivary testosterone levels compared to younger men. 6, 13 Our study had several interesting differences with other studies. First, we did not show that free testosterone decreased with age 25, 26 . This difference could be due to the nature of our study since only one sample was taken from each individual, and there is sufficient intraindividual variability over weeks and months to at least warrant two samples. 27 It could also be that the younger participants had unexpectedly low testosterone for reasons speculated on above. We also found that the mean values for both free testosterone (0.5 nmol/L) and bioavailable testosterone (11.1 nmol/L) obtained from the present study, are higher than the other mentioned studies. [28] [29] [30] This could be due to factors including normal BMI and waist circumference, as all the participants were nonobese and non-smokers and this could have contributed to having normal levels of testosterone.
Remarkably, when separated into age strata, our Ugandan male cohort had testosterone levels that were consistently on the higher end of the normal physiologic ranges. A potential reason for this could be ethnicity or diet 14 . The findings from this study concur with earlier reports, which suggest that there may be ethnic variations in testosterone levels. Within Uganda, however, testosterone levels showed small, nonsignificant variations compared to population variations seen elsewhere. 11, 16 Further investigations into genetic or dietary factors are needed.
The findings from this study revealed that the married men had statistically significant, lower bioavailable testosterone than the unmarried (p=0.027), which is consistent with earlier findings. 24 Furthermore, our study revealed that the men who had dependents/ children also had lower testosterone, compared to those without dependents, and the difference was statistically significant (p= 0.005). This also agrees with earlier studies 14, 25 that reported low testosterone among married men and fathers. Our findings in the sample of Ugandan men studied also showed that the majority of men in the youngest group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) were single compared to the rest of the older groups; contrariwise, the majority of men in the oldest group (48+) were married, compared to the youngest group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) , and, while the youngest group had similar numbers of men with and without dependents, the majority of men in the older groups had dependents. These predictable findings could potentially be because of age-related shifts in male roles and relationships, as well as challenges of completing school and employment experienced by younger men at the study setting (medical campus), that make it less appealing to marry or have dependents at their ages, compared to the well-established older men. The higher testosterone levels among the unmarried men and without dependents could be due to male-male competition during finding mates 21 . Our findings also add to the body of evidence that marriage and parenting may be potentially important factors influencing male testosterone variation.
Contrary to the general belief that individuals with low libido have lower testosterone levels, participants who reported having sex daily had the lowest levels of BT, while those who reported not being active sexually had the highest BT levels. This may be related to the difference in marital status, where married men, due to close proximity or demand by their women, had higher coital frequency than the unmarried men. It is well-recognized that married individuals tend to have more frequent sexual behavior than unmarried individuals, even if the extent of that difference varies by country and other contextual factors. 31 Our finding (of higher testosterone levels in less sexually active men) was in agreement with earlier findings, which reported that the mean testosterone levels were higher for less sexually active individuals 32 . However, we did not obtain evidence of the living circumstances of the single men, whether they lived alone on their own, or lived at home with their parents, a fact that could contextualize the single men's' higher testosterone levels.
Our study had several other limitations. The number of participants in each age group was small. We depended on self-reporting about the presence of chronic diseases; hence, the participants may not have been very honest about their sexual behavior, including whether or not they had partners, since we did not get evidence of their marital status. Additionally, the study was cross-sectional, and we did not follow up to see how the levels of testosterone and its fractions changed in one individual. The difference could be due to the nature of the study since only one sample was taken per individual.
Conclusion
The serum testosterone levels of the sample of Ugandan men studied fall within the normal physiological range, although the levels are higher than most of those reported by other studies for particular age groups. Married men had lower bioavailable testosterone levels than single men. Similarly, men who had dependents had lower bioavailable testosterone than men who did not have dependents. Men who reported having sex daily had considerably lower testosterone than men who reported not being sexually active. There may be testosterone differences that contribute to related sexual behavior, especially aggressive sexual behavior such as rape that may be important in understanding the spread of HIV/ AIDS. Therefore, further research into the association between testosterone levels, particularly bioavailable testosterone and behavior is warranted, given the high prevalence of sexually transmitted disease such as HIV in sub-Saharan Africa.
